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FLOODS IN OHIO~--MAGNITUDE AND FREQUENCY

by ®arl =. Webber and Wwilliam P. Bartlett, Jr.

ABSTRACT

Techniques are presented for a2stimatiag the magnitude anc
freguency of f£loods on Ohic streams. Regression analysis is used
to develop equations which relate physical and climatic factors
cf river basins to peak discharge at stream gaging stations. The
equations can ke wused to estimate flood magnitudes with
recurrence intervals from 2 to 100 years on drainage areas
tetween 0.01 and 7,400 square miles (0.03 to 19,200 square
kilometers). A summary of flood and watershad data for gaging
stations with 10 or more years of record is included. <3Jecords
for 215 gaging stations are used to develop the —regression
2quations. Flood records of streams with significant regulation
nC urbanization are excluded from this analysis.

INTPODUCTION

Flood magnitude and frequency data for streams are utiliz:ad
in the design of dams, bridges, and other structures. Flood deata
are also needad for flood insurance studies, r=gulatcry
sctivities, and land zoning.

This 1s the fourth Ohio flood-frequency report pregared oy
the U.S. Geological Survey. The first three, Bulletins 7, 32,
and 43 (Cross, 1946; Cross anéd Webker, 1959; Cross and Mayo,
1969) , were prepared in cooperation with the Division of Water oi
the 0Ohio Dapartment of Natural Resources. This report is bacze
on streamflow records through 1975 and contains 10 w@mor=2 Yyea
(196Ff-75) of data than Bulletin 43. This study began in 1965 =
an investigation of 20 small drainage areas. It was funded as
cooperative study between the U.S. Geological Survey and the Crio
Department of Traasportation and the Federal digaway
Administration, to better define flood magnitudes and freguencies
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for small areas in Ohio. Subsequently it was expanded to include
drainage areas of all sizes as a state-wide update of Bulletuin
QB.

The purposes of this report are: (1) to present flood-reak
4ata for gagded streams and (2) to outline methods for estimating
magnitudes and frequency of £flood peaks at ungaged sites on
unrergulated streams which drain primarily rural areas. Ecoromics
do nct justify collection of data at all pctential flood sites in
Mhio. By relating peak flows on unregulated gaged streams to
basir characteristics, relations may be developed for estimating
£locl magnitude and frequency on unregulated ungaged streans.

Cenversion factors for English units to metric units

Maltiply English units by to obtain metric units
Length

inches (in) 25.4 millimeters (mm)

f2at (ft) .3048 meters (m)

mil=s (mi) 1.609 kilometers (km)
Area

square miles (miz2) 2.590 square kilometers (kmé)
Tlow

cubic feet per seccnd cubic meters per second

(f+3/s) .02832 (n3/3)

Metric units can not be used in the regression eguiations.
Use "nglish units to compute the discharge in cubic <fee*t per
second, then multiply by 0.02832 to convert to cubic me<ters per
second. Metric eguivalents are not shown in tables due <c
limitation of space.
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DESCRIPTION NF AREA

Thio is 4ivided, diagonally, from southwest to nortaneast 5%
the line of glaciation. The northwest corner is a very flat,
jlacia+ed, old-lake region; the southwes*, central and aorthecst
areias are rolling, glacial till plains; the southeast airea 1i:
nillv and unglaciat=ad. Land elevations ran7te frcm & lcw of <o
t+ {1327 m), in ¥Yamilton County, +to 1,550 ft (472 @m) at zchae
highest point, in Logan Ccunty.

The climate 1is temperates. Annual precipitation, which
Aaverages about 38 in (960 mm), is distributed rather uniZormiy
throujghout the vyear. Records indicate +that flocds may occur

Anytime during the vear with streams having large drainagye arcas
moTe Ssusceptible from January throuch April and streass having
small drairage areas more susceptible from Miy through Aucusc.
snowfall is not a significant fac*tor of Ohio floods except aicng
Laka2 Erie, in Cuyahoga, Lake, Geauga and Ashtabula Counti:zs.

METHODS OF ANALYSIS

2t gaging statlons anc

Mmethods of flood~frequency analysis
ragional analysis ai-s

+he application of the results to a
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outlined in d=tail by U.S. Water Resources Council (WEC) (197¢),
Benson (1962), and Thomas and Benson (1970). The analysis
consists of (1) determination of the magnitude and freguency of
floods at individual stream =-gaging stations and (2) development,
through ragional analysis, of equations for westimation of
nztural-flow floods on ungaged streans.

flood_frequency at _gaging_stations

Arnual ©peak discharges on unregulated streams at 215 gaging
stations, 206 in Ohio and 9 in Indiana, with 10 or more year:s of
record were used to develcp the flood equations used in this
raport., Locations of these stations are shown in tig. 1 and are
listed 1in tables 6 and 7. Additional stations not used in the
ragional analysis because of regulation or spa2cial land use are
z1so tabulat=d in tables 6 and 7. The annual £lood peaks were
analvzed in accordance with U.S. Water Resources Ccuncil Bulletin
17, (197¢) . Ir general, computations were performed for -sch
station as rfollows:

{1') The m2an (M), standard deviation (S), 3nd skew cozffici-r+
(g), were computed for the logarithms of the
obs=2rved annual-peak discharges.

(2) Pegionalized map skew coefficients ware salescted from the
mao in Rulletin 17 and final skews were computed
as tollows:

Pacords 25 years or less - used regionalized skew;
Recnrds 26-100 years - computed weighted skew

from regional value and
station value with
record length as the
weighting factor.

(3) Legarithms of peak discharges (Q) at select:d recurrencs
intervals were computed from log ¢ = % + K3. K was
taken from Pearson Type III tables that roelate



computed values of g to selected recurr=ance
intervals.

{(4) Ffreguency curves were adjusted for low outliers,
£ requlred

{3) “r=2quency curves were adjusted for historic peaks
and high outliers, if required.

1s mentioned above, methods described in 4BC Bulletin 17 (1v7c¢)
were2 utilized in each of the above steps. Computed discharges
for salacted recurrence intervals are tabulated in tapnlie $. A
typical flood frequency curve, developed for Little Beaver C(Creex
near Eaist Liverpool, 1is shown in fig. 2. This shows compu%ec
annual peak Aischarges for a range c¢f recurrence intervals and
=xce=dance probabilities. Recurrence 1interval andé exc=2edauce
rrobability are reciprocals. Exceedance probability is the
nrokability of a given flow being =xceeded in any cne year.

Regional analysis

Flooa-frequency data often are d=sired for ung Gyec
ncations. Cne method of estimating flood-ZIrsguency datc fo:
ncaqged sites is Dbased on regionzl analysis by nult [Re
agr=assion technigjues. Mathematical equations that relaze Lecr
<ischarges +*o basin parameters are develoned through multip.c
Tegrassion analysis cof data for many gaging stations witnin &
A2fined geographic rea. Basin varameters £or any ungaJded site
witnin th2 area may then be wused in the davszloped regional
equations tc compute peak discharges of salected rscurrence
in*a2rvals for the site.

Irdividual regression equations ware developed for reak
tlows, Q., where T is a recurrence interval of 2, 5, 10, 25, &0,
and 100 years. Peak flow data for natural fiow at gayead sites
(tarle ) served as the dependent variables. Values nf tunuc
following basin parameters, which were tne independent vaglanlcs,
were 3aetermined fcr all drainage basins upstr=2am from iges on

unrequlated streams;
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Drainage area (A), in square miles, as planimetered
from U.S. Geological Survey 7.5 minute series
topographic quadrangle maps and tabulated
in Ohio Department of Natural Resources
Report 12a (1S67).

Main-channel slope (Sl), in feet per mile,
was conmputed as the difference between
th2 elevations at 10 and 85 percent of the
channel distance from the gaging station
o *he basin divide, divid2d by the channel
distance between the two points as detarmined
frcem topographic maps.

Main-cnanneal length (L), in miles from gaging
station to basin divide, was determined from
toprographic maps.

Average basin elevation index (¥), in feet above
mean sea level, was computed by avaraging
the elevations at the 10 and 85 percent
distance points along the channel as determined
“rcm topographic maps. The reliability of this
method is discussed by Benson (1964). The
characteristic used in regression analvsis was
average basin elasvation index in 1,00C's of
feet ahove mean sea level.

Surface-storage index (St), in percent, is the
percentage of total drainage area occupied ty
lakes, ponds, and swamps, as determined fron
topographic maps. The characteristic used
in regression was surface storage index
plus 1.0 percent.

Forest area (F), in percent, is the percentage
of total drairnage area occupied by for=ast
cover as determined from green tinted areas
on topographic maps. The characteristic
used for regression analysis was forest
area plus 1.0 percent.



Soils-infiltration index (So), in inches,
for each madjor land-resource area in Dhic
was obtained by personal communication
from the U.S. Soil Conservation
Service.

Avarage annual precipitation (P), in inches,
d=2termined €from an isohvetal map, shown in
£ig. 3, and published by the Chio Department
of Natural Resources (1962). The charac-
teristic used for regression analysis was
average annual precipitation minus 27
(in order to facilitate computations).

Maximum 24-hour rainfall, in inches, having a
recurrence interval of 2 years (Iu2) was
dsternined from U.S. Weather Bureau
T2ch. Paper 40 (1961).

Sianificant values of the abova paramet=2rs for unregulated
gaging stations used in the analysis are tabulated in table 7.

Ragression_analysis

Peak discharges £or each recurrence interval (QOazsese«ys Yo
wer= related to the acove nine pasin parameters in &quations
isveloped wusing multiple-reg-ession teachnigues. The equations
nave the general form:

0y = ad® s P* ....;
where,

Qy is peak discharge for a recurrence interval
of T years,
a 1s *he regression constant,



A, S5, P are basin parameters, and
X, ¥, z are regression coefficients.

311 nine basin parameters were used initially in each regressior
and the regression «constant, coefficients, standard error of

stimate, and significance of each basin parameter were
calculated. The calculations were repeat=d omitting the least
siagnificant parameter until only the most significant pararcecerx
remained. The five most significant parameters 1in descerding
order of significance are (1) drainage area, (2) main charnel
slovne, (3) average annual precipitation, (4) average crasin
2levation, and (5) storage. Forest cover, rainfall intensity,
channel leangth, and soil infiltration index were parameters fcura
not to be significant in explaining variations in flood flows and
2re not included in the regression equations.

The step-forward multiple regression method was also us2¢é in
which basin parameters were selected to be regressed using the
parame+ter with the highest significance first, second hicghest
next, and so on. Only parameters at or above the 5 percent level
o€ significance were wused in this analysis. Both methocads
produced virtually +the same vTesults and no different:iation
petwsen them was made in this report.

Eyuations were derived using flood peak data art  ¢1F
stations on unregulated streams in a statewide analysis, 1Ior
which tha average standard error of estimate was 35 percent.
This error indicates that the computed value of the f£lood peak is
within about 35 percent of the observed value two out of three
tiaes.

To imorove the accuracy, additional ragressicn analyses were
mad= in sudareas of the state divided on +he Dpasis of glacial
history, plots of residuals (areal plcts of differences between
comput2d and cbserved flood peaks tor gaging stations),
*opogracghv, and generalized so0il regions. Five geograthic
supareas wer=2 thereby delineated (fig. 1) and ragressions
sguations derived for each; the average of the five starnaarcd
2rrors of estimate is 32 percent. The five g2ographic areas are
1dentified as folliows:

»
drea 1.- Lake Frie drainage (part 4) from and including
Huron River eastward through Conneaut Creek and
Ghio Piver drainage (part 3) from and including



Li+*tle Beaver Creek upstream through the Mahoning
Piver basin (glaciated area).

irea 2.- CThio River drainage south of Short Creek
downstream to, but not including, the Little
Scioto River, except the Tuscarawas River
drainage upstream from and including
Stillwatsr Creek (unglaciatsd area).

o
a

p
{
w0

3.= Thio River drainage downstream from and including
the lit*tle Scioto River through the Great Miami xiver
basin including the Mississinewa River and Wakasa
Pivar basin drainace in Ohio (glaciated area).

Ar ==

oy

U.,~- Lake Erie drainage from the Michigan-Chio state
toundary line eastward through the Maumee River,
Portage River, and Sandusky River Lkasins to,

but not including the Huron River

Fasin (glaciated area).

trea 5,- (Ohio River drainage downstream frcm, but not
ircluding, Little Beaver Creek to and including
Storr Creek and all of the Tuscarawas Fiver -
basin upstream frem and includirng
Stillwater Creek.

Adiitional regressions were made to determine the relztion
of drainage area to residuals and standard errcr of estisate.
All 214 stations, which represents the tctal arca of the state,
wer= divided into nine bipartite grcups (groups dGivided intc twwo
nar+s), depending upon whether their drainaje ar=as aIe greater
*han or less than 1, 2, 5, 10, 20, 30, 50, 75, and 100 sguare
riles (2, 5, 13, 26, 52, 78, 130, 194, and 259 km2). Regresz:cicns
tor N, were performed for each of +*he nine bipartite groups.
Comparison of standard errors of estimate and basin parameters
did not show any significant variation, which indicated that one
regression curve could be used for the ¢Q, flood. Thewn, 7%
stations in area 2 (the area with the largest number of stations)
wora regress2d at Q2 , Qs + Qw o+ Qas,s 2s0or @and Qe for the
hivartite groups of stations for drainage areas of 5 ara 10
square miles (13 and 26 km2). The standard errors of estimate

10



were improved only by 1 and 2 percent, respectively, at the 5 and
10 sguare mile (13 and 26 km2) division points. Plots of
r2sidual acainst drainage area at Q,, Qs v andi Q,, LCevealed that
residiuals varied randomly with drainage-area division and were of
similar magnitude to those without drainage-area division for the
csame frequency flocds. These studies inaicate that drainage-area
fivision would not significantly 4improve the regional flooa
rrequency <curves. Therefore, one regression egquation woulad
iefine a flood discharge of specific recurrence interval for any
size drainage area. A summary of <final regression equations for
“he five geographic areas is given in tables 1, 2, 3, 4, =and =&
Taitially, all parameters significant at the 5 percent leveli wer
includad. 3Subsequently, the least significant parameter Wwas
crooped until only the most significant parameter (drainage &rea)
ramained. The change in percent standard error of =estimate
indicates the 1loss of accuracy resulting from elimination cof
casin parameters. The equation having the smallest standard
error of westimate for the peak discharge desired is reacommended
for use.

m e

T™he regression coefficients for average tasin elevation (E)
ire naegative for area 3. Elevation regression coefficients are
normally ©positive. The negative coefficients 1in aresa 3 are
=xplained cy the fact that the highest part of the area 1is £flat
ind the slopes and mean basin relief are greater irn the Lasins of
lowar elevation of that area.

11



Table 1.--Summary of regression equations for area 1

“odel, based on 40 gaging stations, is Q. = ad*slYst?,

where:
0+ = discharge is ft3/s for a T year recurreace interval,
A = drainage area in miz2
S1 = main-channel slope in ft/mi
St = percentage of the drainage area occupied by lakes,
ponds, and swamps in percent plus 1.0,
a = regression coastant, and
X,Y,Z = regression exponents.
Exponent of basin
characteristic
Peak
flow Main Standard
charac- Regres- Drainage channel error
Equation ter- sion area, slope, Storage of
number istic constant A Sl St estimate,
Q+ a (x) () (z) percent
1a 0, 55.8 0.791 0.174 -0.297 30=
1b 0, 91.0 «735 - - 36
2b Qs 152 .708 - - 36
3a Q10 115 .760 . 197 -.359 29%
Ib Q10 196 .697 - - 37
4a 0. 145 . 754 211 -.389 30%
Ub Q. 257 . 686 - - 39
S5a Qs 166 .752 .222 -.411 31%
5b 0350 304 .681 - - 40
6a Qico 186 . 752 .235 -.431 32%
6b Q00 352 . 677 - - 43

* Equations recommended for use.
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Table 2.--Summary of regression equations for area 2

Yodel, based on 46 gaging stations, is Q, = aA*slY

where
0; = discharge in ft3/s for a T year recurrence interval,
A = drainage area in mi?2
S1 = main-channel slope in ft/mi
a = regression constant, and
X,v = regression exponents.
Exponent of basin
characteristic
Peak
flow Main Standard
charac- Regres- Drainage channel error
Iguation ter- sion area, slope, of
namber istic constant A s1 estimate,
o a {x) () percent
7a Q, 42.6 0.802 0.225 33=
Th 2, 116 . 702 - 35
33 Qe 45.4 .820 <373 28%
8b Qs 239 . 654 - 34
"3 Do 47.4 . 830 Juu7 27*
?h Qi0 347 . 630 - 35
10a Qus 49.5 . 842 .525 27 %
10b ),s %13 . 608 - 38
11a Q50 0.9 - . 850 «575 29=
11b Q50 659 . 594 - 41
12a Qioo 52.6 . 857 .619 32%
12k Q400 826 .582 - 45
*

Equations recommended for use.

13



Table 3.--Summacy of regression =quations f£or area 3

Modz1l, based on 32 gaging stations, is Q. = ak'sI® =¥p?,
where; .
Q; = discharge in f£+3/s for a T year recurreace interval,
A = drainage area in miZ2,
51 = main-channel slope in ft/mi,
2 = average basin elevation index in 1,900's of
feet above mean sea level,
D = average aanual precipitation, in inches,
minus 27.0,
a = regression constant, and
wW,X,Y,2 = regression exponents.
Exponent of basin characteristic
Peak Average Average
flow Main basin annual Stangard
charac- Regres- Drainage chanrel ele- precip- error
Equa*tion ter- sion area slope wvation itation or
numher istic constant A 51 E D estimate,
Qr a (v) (x) (y) (<) pelCent
13a 0, 7.27 0.771 0.244 -1.54 0.302 27=
13bh Q, 140 .698 - - - 47
T4z Qg 13.0 . 751 .259 -1.44 . 7385 26%
R3] Q4 252 672 - - - 4e
18a 010 17.5 743 .267 -1.39 .763 27 %
15b Q10 337 .661 - - - U6
LESEY Qs 23.9 .735 .277 -1.35 .750 30
160 Qs 454 .650 - - - ug
17a Cso 29.1 . 7322 .284 -1.32 .732 32*
17b Oso 547 643 - - - 4
16a Q100 34.7 .729 .290 -1.30 .718 g
18h Q100 5U3 .638 - - - 51

* Fquations recommended for use.
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Table 4.--Summary of regression equations for area 4

Model, based on 33 gaging statioms, is Q; = aX s1'p?
where;
Qy = discharge in ft3/s for the T year recurrence interval,
A = drainage area in miZ?,
S1 = main-channel slope in ft/mi,
P = average annual precipitation, in inches, minus 27,
a = regression constant, and
X,¥Y,2 = regression exponents.
Exponent of basin
characteristic
Peak Average
flow Main annual Standard
charac- Regres- Drainage channel precip- @rror
Equation ter- sion area, slope, itation of
number istic constant A Sl P estimate,
Qr a (x) (¥) (2) percent
19a Q, 1.44 0.834 0.310 1.35 29%
19b Q, 52.1 . 762 - - 38
20a Qs 4.21 .800 .264 1.12 30*
20b Qs 84.3 .738 - - 35
21a Qo 6.59 .784 . 247 1.04 3%
21b Quo 107 .726 - - 35
22a Qx 10.9 .767 . 231 . 929 3z%
22%b Cas 136 .712 - - 35
Z3a Qso 14.4 757 .222 . 875 32%
230 Cso 157 .703 - - 3%
2ba C 100 17.9 -748 .216 . 839 S5%
2u4b Q100 179 .696 - - 36

* Equations recommended for use.

15



Table 5.--Summary of regression equations for area 5

Model, based on 14 gaging stations, is Q; = ax* sy
where;
Q+ = discharge in ft3/s for the T year recurrence
interval,
A = drainage area in miz?,
S1 = main-channel slope in ft/mi,
a = regression constant, and
X,Y = regr=ssion exponents.
Exponent of basin
characteristic
Peak
flow Main Standard
charac- Regres- Drainage channel error
Equation ter- sion area, slope, of
number istic constant A Sl estimate,
Q+ a (x) (y) percent
25a 0, 25.1 0.775 0.317 36x*
25t Q5 91.0 «651 - 37
26a Qs 39.3 . 750 .350 37%
2¢b Qs 163 .613 - 40
27a Qo 51.9 .733 .356 38=
27b Qo 221 .59 - 4o
28a Qs 71.9 <713 .353 3G*
28b Q25 303 .574 - 41
2%a Qso 91.2 697 . 346 uo=
29b Qx50 372 .562 - 42
30a Qoo 114 .682 .336 41=
30b Qoo ua?7 550 - 43
* BEquations recommended for use.



AFPLICATION OF REPORT DATA

Mathods for computing flood-peak discharges with r2currence
intervals tetween 2 and 100 years are outlined in this section.
These methods <should only be used for unregulated s%treams with
drainage areas betwsen 0.1 and 7,400 square miles (0.26 ana
19,200 km23). Thev should not be used for areas where f£iood flows
are significantly afrfected by regulation or wnere thare 15 runcfr
from urban areas. Many streams 1in Chio are affscted by
r»gulation, as indicated in table 6, and special methods, outsigds
+he scope of +this report, skould be used for flood freguency
computations for requlated streams. In gsneral, flood p2aks were
considered *o be significantly affected by requlatioa if 103 (or
nor=2) acre-ft/mi2 (49,000 m3/km2) of usable stcrage capacity weas
available in the drainage basin (Benson, 1962). PRegulated ficw,
station data identified in table 6 as type "R", has no regioral
signirficance; such data should only be used for estimates for
sites at or near the gage and on the same strean.

For sites a+ a gaging station, or sites on the zame Strearn
wnose drainage area 1s within 5 percent of the drainage area of
*he «gcaging station, use the gaging station £lood fr=qu2ncy data
indicated in table & as type "N" flow.

T£ the drainage area for the site is within 1/2 o 2 tix=zs
*hat of a gaging station on the same stream, computs a sSite
corr=ction factor (Ks) and multiply it Ly *the site peak Jischarzuc
computed by the regression =equation. Site correction factors
{Hannum, 1976) (upstr=2anm or downstream) ars cemputed as ro0licws:

"or 1 site downstream from gage,

Ks = (Kg-1) {(2-3As/Aqg) +1 (31)

Tor a site upstream frem gage,

Ks = (Kg-1) (2As/Ag-=1) +1 (32)

17



Ks = ratio of final flcod magnitude for the site to
regression value for the site,

¥g = ratio cf flood magnitude based on gage
records (table 6) to the corrasponding
regression value for the gage,

Ag = Arainage area for gage, and

s = drainige acea for site.

The geographic-area boundaries ollow drainage-area
boundaries except where +the boundary tet ween areas 5 and <2
cros=es +*the Tuscarawas River. (See fig. 1.) The Tuscarzwas
Piver is requiated below DNDover Dan. Therefore the reguiated

freguency daza (table €, tvpe "R flow) for Tuscarawas !Flver
helow Dover Dam near Dover (03122500) and Tuscarawas &{iver at

Mawcom=arstown  (03129000) should be used for estimates i1 *his
reach of the Tuscarawas River. Peak discnarge may LCe esticcted
for anvy site c¢n *he Tuscarawas River in this reacr Ly

interpolation on the tasis of the ratios of +*h= contr;;ur¢hv
drainage areas raised to the 0.6 power.

18



The Maumee River basin above Antwerp (04183500) was
originally separated, because of a geographic bias in residuals,
from area 4 and studied as an independent geographic area. Due
to a limited number of stations {7) and bias in the drainage area
distribution, no valid regression equations could be develofped.
The final decision was to 1incorporate it into area 4 (33
stations), for which regression equations were Jevelogped.
However, owing to bias in residuals in the area above Aantverp,
station frequency data should be used in preference to the area 4
ragression equations for the main stems of Maumee River, St.
Joseph River, St. Marys River, and Cedar Creek. Area U
ragression equations may be used for estimates ror areas less
than 50 square miles (130 km?2) within the area upstream from
Antwerp.

The recommended procedure for estimating flood <dJdischarge
for a desired frequency is summarized as follows:

(1) Check £ig. 1 and tabls 6 to determine if str=2am-gage
rrequency data are available for the site in question. If gage
data (table 6, tyres "N or "R") are available, use discharge as
tapbulated for the desired frequency.

(2) When the site is on the same unregulated stresm as one
Oor more gaging stations and its drainage area is within 1/2 tec 2
times the gaged drainage areas, transfer available data (table %
tyne "NM) to the site through use of the appropriate procedures
described previously and shown later in the illustrated 2xampicss.
Tor a site downstream use equation 31 and for a site upstream use

equation 32.

(2) When the site is on an unregulatea stream for whichn nc
stream-gage data are available, use the appropriate =rCegression
equation, as list=d in tables 1-5.

Limitations_and Recommendations

Pegression equations should be used only for unregulated
streams and not for streams draining wurban areas. Frequency
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relations <fcr regulated streams must be based on station data.
Manv streams in Chio are regulated; table 5 identifies major
streams that are presently regulated as having type “R" flow.

New reserveirs are constantly being constructed, resulting irn

changes in regulation. The user is cautioned to look for man-
made chanages in the drainage basin, upstream from the site, <that
could alter £floodflows. Flood frequency for requlated strean

basins should be studied. Streamflow modeling techniques have
beer developed and are available for this type analysis.

Very little urtan area flocd data are available in Chio, but
a current, comprehensive project on the hydrolcgy c¢f urban areas
will undoubtedly provide flood data in the near future. Present

da*tz from two urban stations indicate that urbanization
sabstantially increases flood magnitudes particularly for floods
with recurrence intervals of 10 years and less. Thus, the

ragression eguations should not be used for urban areas because
Such estimates will be low.

Numerous urban-hydrology investigations have been conducted
and several are summarized briefly below. The effect of urban
development on direct runoff was studisd in East Meadow Brook,
Lonc Island, New York (Seaburn, 1969). That study indicates that
urpanization increases peak runoff from 1.1 to 4.€ times with an
average increase of 2.% times. The effects of urban develcpment
wer2 studied in northern Virginia (Anderson, 1970). 1In that area
the study indicated that urban development increases rflood _e€aks
by a zfactor of 2 to 3. The effects are, however, nore protcundé
on flocds of small recurrence intervals than on floods of lerger
recurrence 1i1nterval. An urban-hydrology study conducted 1in
Houston, Texas (Johnson and Sayre, 1873) indicates that
urbanization increases the 2-year flood by a factor of 9 ana the
50-vear flcod by a factor of 5. An investigation of the eifects
of urbanization in New Jersey (S*ankowski, 1974) indicates <naat
urban develooment increases the flcod peaks up to 3 times at the
2-vear recurrence interval and up to 1.8 times at the 100-year
Tecurrence inrterval.

Thougdh no report of the effects of urban development or
£lo00@ peaks is available for 0Ohio, the results of the abpove
investigations provide some indication of the range of revocrted
increases in peak discharges resulting from urban development.

Some f£lood data are available for heavily-forested areas in

Chio. These data indicate that use of the regression equations
for a heavilv forested area will yield estimates that are too
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high. Thus, cauticn should be exercised when interpreting the
results of regression equations applied to heavily forested
basins.

Yo flood data are available for strip-mine areas in Ghio.
Tf the area has been reclaimed by smoothing and reseeding the
spoil Dbarks, the regression equations may be applicable. If the
area 1s not reclaimed, with high-bank cuts, pocls of water, and
spoil banks left untouched the regression equations can only ke
used with uncertainty; the regression sample contained no data
from this type of Dbasin. Some studies of strip-mined basins,
however, indicate that those basins may produce reduced (fror
natural) f£lood peaks.

The results of this report indicate that the following
investigations should be made in the future:

(1) To more accurately determine the magnitude and frequency
of floods in the western portion of area 4.

(2) To accurately determine the effects of various type of
land use--urban, fcrested and strip mined--on the magnitude and
frequency of £loods.

This could be acccmplished with a revised state-wide network
of small drainage area sites that would be selected with <tae
above objectives in mind. This would provide a check on the
regression equations presented and make available additicnal data
for determining the effects of 1land use. Additional stream
gacing stations in geographic area 4, especially upstream from
Defiance, would provide needed hydrologic data in that area.

Illustrative examples

In the fcllowing illustrative examples, some of the sites
are at gaging stations. Station frequency data should <te used,
when available, in such instances. The regression equations are
applied here for illustrative purposes only.
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’xamgle _1. - The 100-year peak discharge is required ror a
in the Sandusky Rivsr basin in geographic area 4.

The site characteristics are:

Drainage area = 66.2 ®ni?2
Slope = 7.0 ft/mi
Precipitation = 35.0 less 27.0 = 8.0 in

The equation +o use is 24a in table 4:

17.9A0°7485]10°216p0°839
17.9 (66.2)0°748(7,0)0"216(8,0)0°839
17.9 x 23.0 x 1.52 x 5.72

Qteo

W wuu

3590 ft3/s
The site, in this example, 1is actually at the gaging station ¥olf
Creek at Rettsville (04197300), for which the observed Qioo is
2120 ft3/s.
Pxample _2. - The 100-year peak discharge is requireé ifor a
very small ungaged area in southwestern Ohio in geographic area

3'

"he site characteristics are:

Drainage area 0.29 miz2

Slope = 93,0 ft/ni
Flevation index = 946+1,000 = 0.94%6 ft
Precipitation = 38.0 less 27.0 = 11.0 in

The eguation to use is 18a in table 3.

34,7A0°7295]0°290F—1°30p0°718
24,7 x (0.29)0°729(93)0°290(0.946)-1°30(11.0)0°715
315 ft3/s

Q100

[T}
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This site 1is actually at the gaging station for Blake Run near
Reily (03274100), for which the observed Qo = 292 £t3/s. This
is an example where the <computed regressiocn data check the
observed station data very well.

Example _3. - The 25-year peak discharge is required for ac
ungaged site in geographic area 2, downstream from the gaging
station, Licking River near Newark (03146500).

The equation to be used is 10a in table 2.

Qs = U9.5p0°8425]10°525

Basin characteristics for the site are:

Drainage area = 672 mi?2

Slope = 8.21 ft/mi

0, at sSite = 49.5 x (672)0°842(8.21)0°525 = 35,900 ft3/s

However, table 6 shows the observed Q.s for the gage site is
30,100 £t3/s; soluticon of the regression equation gives a Qg ci
34,200 ft3/s for the gage. A correction should be applied to the
computed 0, = 35,900 £ft3/s for the ungaged site.
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The correction factor for a site downstream, with a drainage area
less than twice that at a gage is computed using equation 31, Ks
= (Kg-1) (2-As/Ag) +1; where Ag = area at gage and As = arez at
5ite., Hernce: Correction factor at gage = Kg = Qg/Qr = 30,100/
34,200 = 0.880.

Xs = (0.880-1) (2-672+537Y+1 = 0.910
*inal Q,s at site = 0.910 x 35,900 = 32,700 ft3/s

The site, selected for +this example, 1is at the discontirued
gaging station, Licking River at Toboso (03147000), for whica the
observed Qs 1is 34,400 ft3/s.

Example _4. - The SO—year vpeak discharge is required tcor a
site located between two gaging stations on the same streaa in
geographic area 2. Gaging stations and site data are:

50-year flood

Prainage (fx3/5)
Gage area
Location namber  (mi2) Opserved Computes
Licking R near Newark --- 03146500 537 35,300 41,500
Site ==—=mmcmce—c—c e ————— - 672 -
licking R at Dillon —----- 03147500 742 51,500 3-,LCD

Site basin characteristics are:

Drainage area = 672 mi2
Main channel slope = 8.2 ft/mi

Equatior to use is 11a, table 2:

Oso = 50.910°8505]10°575
Nso at site = 50.9(672)0°850(8,2)0°575 = 43,100 £t3/s
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A correction for a site with less than twice the drainage area of
an upstream gage should be applied to the computed Qso utilizing
equation 31 as follows:

Correction at upstream gage = Kg = 35,300/41,5C0 = 0.851
Correction at site = Ks = (0.851-1)[2-(672/537) ]+1 = 0.888

A correc*tion for a site more than half the drainage area of a
downstream gage should be applied to the computed Qs utilizing
eguation 32.

Correction at downstream gage = Kg = 51,500,/39,200 = 1.314
Correction at site = Ks (1.314=-1[2(672/742)=-1]1+1 = 1,255

The averag2 of the two Ks correction factors should be applied
since both an upstream and a downstream gage are available:

Rverage Ks = (0.888+1.255),/2 = 1.072
Final Qg for site = 43,100 x 1.072 = 46,200 ft3/s
The site 1in this example is actually at the discontinu=d gaging

station Licking PRPiver at Toboso (03147000) for which the observed
Qso 15 40,400 ft3/s.
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REGULATED STREAMS

The regression equations in tables 1 to 5 should not be used
on the currently regulated streams listed below.

Regulated Ohio_streams, as_of 1975

Geographic Area 1

Cuyahoga River from East Branch Lake to
Lake Rockwell
Little Cuyahoga River below Mogadore Lake
Mahoning River below Berlin Lake
dest Branch Mahoning River below
M.J. Kirwan Lake
Mosquito Creek below Mosquito Creek Lake
Meander Creek below Meander Creek lLake

Geographic Areas 2 and 5

Ccnotton Creek below Leesville Lake

Sandy Creek below Bolivar Reservoir

Tuscarawas River below Dover Reservoir

Sugar Creek below Beach City Reservoir

Stillwater Creek below Piedmont Lake

Little Stillwater Creek below Tappan Lake

Black Fork below Charles Mill Lake

Clear Tork below Pleasant Hill Lake

Lake ¥ork below Mchicanville Reservoir

Mohican River

North Branch Kokosing River below North Branch
Kokosing River Lake

Walhonding River telow Mohawk Reservoir

Muskingum River

Saneca Fork below Senecaville Lake

Salt Fork below Salt Fork Lake

Hills Creek below Wills Creek Reservoir

Licking River below Dillon Lake

Yunters Run

HYocking River above Rush Creek
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Geographic Area 3

Scioto River below Olentangy River

Olentangy River below Delaware Lake

Big Walnut Creek below Hoover Lake

Alum Creek below Alum Creek Lake

Dear Creek below Deer Creek Lake

Paint Creek below Paint Creek lake

Rocky Fork below Rocky Fork Lake

Caesar Creek below Caesar Creek Lake

Little Miami Fiver below Caesar Creek

East Fork Little Miami River below East
Pork Little Miami Lake

West Fork Mill Creek below West Fork Lakse

Mill Creek below West Fork Mill Creek

Loramie Creek below Lockington Reservoir

Miami River below Loramie Creek

Stillwater River belcw Englewocd Reservoir

Buck Creek below C.J. Brown Reservoir

Mad River below Buck Creek

Twin Creek below Germantown Reservoir

Whitewater River below East Fork Whitewater
River

Geographic Area 4

Mo streams are significantly affected by
regulation

Many vyears of record are available for regulated streams as
shown in table 6 under type "R" flow (regulated). Peak discharges
in table 6 are for periods when regulation remained virtuallil
constant; recurrence intervals for which peak discharges are
reported have been limited to twice the length of record. These
discharges may be used as estimates for sites at or near the
gaging station on the same stream. If, however, a new reservci

is constructed or the operational procedures are changed for ar
cy

data in *able 6 will no longer be applicable.
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MAXIMUM FLOODS IN CHIC

Maximum known flocds for gaging stations are listed in table
f. Many-peak discharge determirations by indirect methods have
peen made by the U.S. Geological Survey and other agencies. All
unit peak discharges with Myers ratings of © or more are plctted
against drainage area on fig. 4. The Myers rating is one way to
rate the severity of floods. The formula is

M = Q/100(D.A.)0°s

whare,
o = Myers rating in percent,
Q = Peak discharge in ft3/s, and
D.A. = Drainage area in mi2.

Myers ratings for the 100-year Zloods in Ohic are generally

Letween 10-and 20- percent. The 60 percent Myers rating enveloge
appearz to be a good estimate of the upper limit of floocs in
Chio.
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